Based on new evidence and lessons learned within the last decade, pregnant women may not receive adequate iodized salt where the coverage of universal salt iodisation is poor. World Health Organisation has stated this could jeopardize optimal brain development of the fetus. This study was aimed to assess the iodine status of pregnant women in Sri Lanka. A cross-sectional clinic based nationally representative study was conducted. Three randomly selected antenatal clinics from each province, 30 randomly selected pregnant women from each selected clinic were included in the study. A total of 739 pregnant women were studied and casual urine samples collected to estimate iodine levels. Median urinary iodine levels in pregnant women was 113.7 g/L, which is far below the WHO recommendation between 150 and 249 μg/L indicating inadequate iodine status of pregnant women in Sri Lanka. Urine iodine distribution indicated 61.3%, 21.7%, 15.2% and 1.8% of pregnant women had an inadequate, adequate, above requirement and excessive intake respectively. Urinary iodine concentration significantly decreased with advancing pregnancy. Inadequate iodine intake was evident in 47.4%, 60.2% and 68.8% of pregnant women in the first, second and third trimester respectively. In conclusion, there is an urgent need to identify a programme to provide adequate iodine to pregnant women to ensure optimum fetal brain development.
Introduction
Iodine is an essential trace element that is an integral component required for the prevention of brain damage and mental retardation. Iodine deficiency is one of the world's most preventable diseases, that is both easy and inexpensive to avert (1) . Iodine deficiency disorders was identified as a major public health problem and the Universal Salt Iodisation (USI) programme was launched in Sri Lanka in 1995 in collaboration with UNICEF (2) .
Maternal iodine deficiency is associated with a number of adverse effects on the infant brain resulting in a continuum of effects depending on the degree of iodine deficiency, from lowered IQ to severe mental retardation. The thyroid gland uses iodine to make thyroid hormones, which in turn directs brain development. Iodine deficiency in pregnant women has been estimated to result in the loss of some 10-15 IQ points at the global population level (3).
Urinary iodine excretion is a useful and important indicator of the iodine status of a population. The World Health Organization (WHO) recommends that the median urinary iodine concentration in a population of pregnant women should range between 150 and 249 μg/L and among school children 100 and 200 μg/L (4).
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It has been shown that in some countries, although iodine intake is sufficient in school-age children, there is iodine deficiency in pregnant women (5) . This finding justifies the need for a continuous monitoring of iodine nutrition in these two vulnerable populations. In Sri Lanka, there are no national level data regarding urinary iodine concentration (UIC) in pregnant women, after the implementation of USI program.
Hence, this study was conducted to determine the iodine nutritional status by measuring urinary iodine in pregnant women.
Methods
This was a cross sectional, nationally representative study. The study population was identified as pregnant women. The required sample size was calculated considering the 50% iodine sufficiency among pregnant women, 5% precision with design effect of 1.7 and 10% of non response rate. The calculated sample size was 810. This was a clinic-based study conducted as a part of a national iodine survey.
When the field investigators visited a randomly selected school in the province for the national study, they were advised to visit the closet antenatal clinic to obtain urine samples from pregnant women. Thirty Vol. 3 
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Iodine status of pregnant women in Sri Lanka pregnant women were selected using the clinic register and casual urine samples were obtained with the assistance of the public health staff in the respective area (6) . It was transported to the Medical Research Institute (MRI) laboratory for analysis. Data collection was done from November 2010 to January 2011.
The urine samples were labelled and stored in large plastic containers and then transported for storage at 4-8°C. They were transported to the national laboratory with cold packs and stored at -20°C until analysis. Modified microplate method was used to assess urine iodine concentration (7) . Internal quality control analysis was carried out throughout, by using samples with known iodine values. External quality control was carried out in collaboration with the Center of Disease Control (CDC) Laboratory in Atlanta as a partner of the quality control programme.
Data entry and analysis was carried out using the EPI/INFO and SPSS 16.0 software packages. Ethical clearance was obtained from the Ethical Committee of MRI and permission was obtained from the relevant educational and health authorities.
Results
A total of 739 pregnant women participated in the study. The response rate was 91.2%. The median duration of pregnancy was 24 weeks, ranging from 5 to 40 weeks. Figure 1 shows the distribution of urinary iodine concentrations (UIC) which was shifted to the left of the normal curve. Median UIC of pregnant women was 115.0 μg/L ranging from 3.5 to 720.2 μg/L, which is far below the level recommended by the WHO for pregnant women (150-249 μg/L). Table 1 describes the UIC of pregnant women, by provinces. In the majority of provinces except in Northern, Eastern and North Central provinces, the median UIC was below the cut-off point of 150 μ g/L indicating iodine intake in pregnant women in these provinces was not optimum. There was a significant inter provincial variation of UIC in pregnant women; highest in the North Central and lowest in the Sabaragamuwa province.
Province
Total number examined Urinary iodine concentration (μg/L) Mean=148.6286 std.Dev=116.72929 N=739 Table 2 shows the frequency distribution of UIC of pregnant women by provinces. In the entire sample, 21.7% of pregnant women had urine iodine at an adequate level (150-249μg/L). Of the total sample, 61.4% of pregnant women had inadequate iodine level (<150μg/L urine iodine) and 15.2% had above the requirement of urinary iodine levels (250-499 g/L). About 1.8% pregnant women had excessive iodine intake (>=500μg/L). The proportion of pregnant women with inadequate UIC significantly varied between provinces; highest being the Sabaragamuwa and lowest in the Eastern province.
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When the median UIC between each trimester was compared, there were significant differences (p>0.05). It is interesting to note that a significantly decreasing pattern of the median UIC occurs with an increasing period of amenorrhoea (Table 3) .
Province
No. 
Percentage of urine iodine levels (μg/L)
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Discussion
Based on new evidence and lessons learned within the last decade, it appears that the most susceptible groups -pregnant and lactating women, and children less than two years of age -might not be adequately covered by iodized salt where USI is not fully implemented. This situation may jeopardize the optimal brain development of the fetus and young child (4) . According to the current WHO/UNICEF/ICCIDD criteria, this study confirms that pregnant women in Sri Lanka, have an insufficient iodine intake.
In 2010, only 69.4% of salt at household level contained an adequate iodine concentration of >15 ppm in Sri Lanka (8) . This could contribute to insufficient iodine intake in pregnant women. These data contrast with several countries that analyzed iodine nutrition status in pregnant women (10) . On the one hand, it has been shown that insufficient coverage of USI programs fail to achieve optimal iodine nutrition during gestation. WHO has indicated that countries with household access to iodised salt between 20-90% should make every available effort to accelerate salt iodisation or check the feasibility of increasing iodine intake in the form of a supplement or iodine fortified foods by the most susceptible groups (9).
In contrast, countries such as Switzerland and the United States reach overall optimal iodine nutrition in pregnancy without mandatory salt iodization; however, they have permanent monitoring of iodine nutrition programs in their population, thus allowing the timely implementation of corrective actions. This continuous monitoring has recently revealed that some subgroups of pregnant women in the United States may be at risk of mild iodine deficiency, which further highlights the importance of a permanent surveillance program (11) .
There was a significant trend toward a reduction of median UIC from the first to third trimester of gestation, together with a significant increase in the percentage of samples below 150 μ g/L of UIC. Other studies in countries such as Bosnia and Herzegovina, Iran and Thailand have shown a similar behavior in the median of UIC in the last two trimesters of gestation (12). This reduction of UIC during pregnancy is more clearly evident in places where iodine intake is borderline sufficient or frankly deficient. These data may suggest a depletion of maternal iodine stores due to a maternal-fetal use, renal elimination, and/ or inadequate dietary compensation.
Conclusions
There is an inadequate level of iodine intake in pregnant women to be considered as a priority. It is recommended to conduct suitable programmes to achieve the adequate level of iodine in pregnant women.
